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WEIGHTING GARMENTS AND ORTHOTICS
FOR IMPROVING BALANCE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 61/325,981, filed Apr. 20, 2010, the contents of
which are incorporated herein by reference. This application
also claims priority to U.S. Provisional Application No.
61/236,029, filed Aug. 21, 2009, the contents of which are
incorporated herein by reference.

This application has subject matter related to U.S. applica-
tion Ser. No. 11/565,207, filed on Nov. 30, 2006, now U.S.

Pat. No. 7,708,673, which 1s a continuation of U.S. patent

application Ser. No. 10/353,539, filed on Jan. 28, 2003, now
U.S. Pat. No. 7,156,792. U.S. Pat. Nos. 7,708,673 and 7,156,

792 are both incorporated herein by reference.

INCORPORATION BY REFERENC.

(Ll

All publications and patent applications mentioned 1n this
specification are herein incorporated by reference in their
entirety to the same extent as 11 each individual publication or
patent application was specifically and individually indicated
to be incorporated by reference.

FIELD

Described here are weighted garment devices or orthotics,
systems for making and using them, and methods for provid-
ing a patient having a balance disorder, or proprioceptive loss,
with a weighted garment or orthotic device tending to
improve the patient’s balance. Garments and other devices
produced using these methods are also shown.

BACKGROUND

Many mdividuals suffering from neurological disorders,
balance dysfunction, difficulty with weight shifting, and loss
of proprioception, have problems maintaining their center of
gravity (“COG”) over their base of support, the perimeter
defining the contact region surrounding the feet. The mabaility
to maintain one’s COG over the base of support results in
decreased postural and motor control 1in sitting, standing,
changing positions, and locomotion. Maintenance of the
COG over the base of support 1s desirable for smooth and
coordinated movement in balance and gait.

The ability to maintain COG balance over the base of
support relies 1n part on three mput systems: the somatosen-
sory (proprioceptive and tactile input from the torso, feet, and
ankles); the vestibular (spatial orientation and balancing
functioning); and the visual (input from sight). When a prob-
lem occurs 1n one of these input systems, 1t may affect both
the put to the sensory integration system of the central
nervous system (“CNS”) and the resulting ability to use the
remaining one or more ol the somatosensory, vestibular, or
visual mput systems for balance. The CNS may then tend to
rely more heavily on one input system relative to another, or
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2

even to rely on other areas of the nervous system itself.
Changing the input to one system may allow another system

to function normally.

The nervous system’s reliance on other areas of the CNS to
compensate for the deficiency of one input system can lead to
nervous system fatigue. In addition, problems associated with
ineffective or inaccurate input or output tend to affect motor
control, speed, movement coordination, automatic postural
reaction, ability to control one’s COG over their base of
support, weight shifting, equal weight bearing, vision, cog-
nition, and equilibrium. Alterations 1n input and output sys-
tems vary with age, with the type and severity of the neuro-
logical problem, and with the severity of any resulting
neurological degeneration.

Proper coordination of posture and movement rely on the
body’s ability to mnitiate and effect subtle postural adjust-
ments. For example, one’s ability to remain 1n an upright
position while sitting or standing 1s fundamental to safe and
elficient movement. Stmilarly, balance control while walking
requires proactive control of upper body stability in both the
sagittal, frontal, and transverse planes, as well as the coordi-
nation of the upper and lower extremities. Such control 1s
often compromised due to various neurological disorders and
aging. Correction of aberrant balance 1s often complicated by
the biomechanics of certain movements.

For example, two-thirds of a human’s body weight 1s cen-
tered 1n the upper body (head, torso, and arms). When the
body mass 1s not neutral, or 1s off-center, the center of gravity
1s not positioned over the base of support. This 1s simply a
natural instability due to the anatomy of a human being.
However, when a person cannot maintain control over this
natural instability, decreased ability in function, cognition,
coordination, balance, ambulation, vision, and equilibrium
tend to occur. To ameliorate and/or eliminate this istability
and facilitate better movement, I have found that providing
certain counterbalances and proprioceptive cues to a person
having such a problem tends to overcome upper body nsta-
bility and allow improve tunction of the above-mentioned
systems.

SUMMARY

The present invention relates to adjustable balance evalu-
ation garments, methods of using them to determine where on
the garment to place a weight to enhance a subject’s stability,
customized adjustable and non-adjustable garments to
enhance balance, and methods of making customized adjust-
able and non-adjustable garments to enhance balance, vision,
and equilibrium.

For example, described herein are methods of making cus-
tomized non-adjustable garments or orthotics comprising the
steps of: placing a first weight on an adjustable balance evalu-
ation garment to determine where on the adjustable balance
evaluation garment to place a weight to enhance the subject’s
stability; and securing a corresponding weight to a customi-
zable garment 1n the position identified from the adjustable
balance evaluation garment. The weight combination may be
less than 2% of the subject’s body weight.

In some variations, the weight 1s permanently secured to
the customizable garment. For example, the weight may be
sewn to the fabric of the garment or sewn within the garment,
or the fabric may be secured to the garment so that the fabric
itself may provide the weight (1.e., weighted or heavy fabric).

Also described herein are customized non-adjustable
orthotic garments for improving the balance of a subject for
whom the garment 1s made, the garment comprising: a gar-
ment body configured to be worn by a subject; and a weight
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secured to the garment body 1n a position that 1s not symmet-
ric relative to the subject’s body; wherein the weight corre-
sponds to between about 0.2% and 2% of the subject’s body
weight. The weight may correspond to between about 0.5%
and about 1.5% of the subject’s body weight. The garment
body may be configured to {it over the subject’s torso or other
body part. In some variations, the garment body 1s configured
as an undergarment. The garment body may be configured to
be worn on a head or limb or as a vest, shirt or jacket.

Also described herein are adjustable balance evaluation
systems for aligning a patient’s (“patient” and “subject” are
used interchangeably 1n this disclosure) COG over their base
of support, the system comprising: a belt strap configured to
attach a weight at a non-predetermined position along the
length of the belt strap, wherein the belt strap comprises
markings to indicate the location of an attached weight; a
shoulder strap configured to connect to the belt strap, wherein
the shoulder strap 1s configured to attach a weight at a non-
predetermined position along the length of the shoulder strap,
turther wherein the shoulder strap can, but need not, comprise
markings to indicate the location of an attached weight; and a
repositionable weight configured to be positioned on the
shoulder strap or belt strap, wherein the weight combination
1s less than about 4 pounds. The system may also include a
weilght packet for holding the weight and attaching to the belt
or shoulder strap. In some variations, the system also includes
a clip for attaching to the end of the shoulder strap and
coupling the strap to the belt strap.

The system may 1nclude a pair of shoulder straps. Alterna-
tively, the shoulder strap may comprise a back strap and a pair
of front straps extending from the back strap. The belt strap
and the shoulder strap may comprise a Velcro-type attach-
ment material.

The repositionable weight may be less than 4 pounds, less
than 3 pounds, or less than 2 pounds. In some varnations, a
plurality of repositionable weights may be used.

Also described herein are adjustable balance evaluation
systems for aligning a patient’s COG over their base of sup-
port, the system comprising: a belt strap configured to attach
a weight at a non-predetermined position along the length of
the belt strap, wherein the belt strap comprises markings to
indicate the location of an attached weight; and a plurality of
repositionable weights configured to be positioned on the belt
strap, wherein the weights are less than about 3 pounds.

Also described are adjustable balance evaluation systems
for aligning a patient’s COG over their base of support, the
system comprising: a wearable garment having a weight
attachment surface configured to attach a weight at a non-
predetermined position on the weight attachment surface,
wherein the weight attachment surfaces comprises markings
to indicate the location of an attached weight; and a plurality
of repositionable weights configured to be positioned on the
wearable garment, wherein the weights are less than about 3
pounds. The wearable garment may be configured as a shirt,
vest, or jacket. In some variations, the wearable garment 1s
configured as a cap, headband, or hat.

Also provided herein are methods and devices for assisting
a person having a balance disorder 1n need of such assistance,
or for aligning a person’s COG over their base of support
biomechanically or proprioceptively (e.g., by receiving
stimuli originating 1n muscles, tendons, and other internal
tissues). Improvements in the ability to think (cognate), see,
use eyes, sit, stand, turn, walk, shift weight, coordinate, and
balance may be achieved. The methods and apparatuses
described here are suited to individuals suflering from vari-
ous neurological disorders and orthopedic conditions. For
example, persons sulfering from cerebellar degeneration,
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Parkinson’s disease, multiple sclerosis, age-related degenera-
tive disorders, stroke, traumatic injury to the head, brain, or
spinal cord, orthopedic injury, and cerebral palsy, may benefit
from my described methods and apparatuses.

One described method provides an assessment of a
patient’s need for a selectively weighted garment or orthotic
and for determining the proper weight placement within or
upon the weighted garment or orthotic. These methods may
be manual, e.g., observational, and/or to some degree com-

puter-assisted. Video recording equipment or other electronic
equipment may be used.

For example, these methods may comprise the steps of
observing a patient’s ability to maintain their COG over their
base of support, optionally perturbing the patient (e.g., by
applying an external push or by having the patient try to resist
the movement force, etc.) and observing their body’s reaction
to the perturbation, selectively weighting the patient’s torso,
head, or limb, and observing the patient’s ability to maintain
their COG over their base of support after being weighted.
Additional steps may include temporarily reducing or elimi-
nating the patient’s vision and observing the patient’s ability
to maintain their COG over their base of support, and record-
ing the position and value of each weight secured to the
garment or orthotic. Any or all of the steps may be repeated as
necessary. In addition, these methods may be computer
assisted.

The present mvention includes weighted garments or
orthotics, typically produced using procedures described
here. These garments or orthotics may take on any number of
configurations. The garment or orthotic may be a vest, per-
haps having at least one pocket for recerving and securing a
weight therein, or may have a plurality of pockets. The pock-

cts may be distributed throughout the vest in a plurality of
orientations and have a plurality of sizes. The weighted gar-
ment or orthotic may also be a head piece, collar, brassiere,
corset, shoulder pad, belt, seating device to be used 1n com-
bination with a wheelchair, tee shirt, body suit, undergarment,
or combination thereof. Functionally, the weighted garments
are of a form, size, shape, and thickness, suitable for correct-
ing, assisting in or alleviating at least a portion of a patient’s
balance dysfunction.

The garment or orthotic may have pockets, receptacles, or
tubes for placement of weights therein or thereupon. The
garment or orthotic may be weighted 1n a distribution pattern
determined by the methods of the present invention, or the
material making up the garment or orthotic may be the
welghted medium.

One garment of particular utility 1s a coat, vest, or shirt
constructed in such a way that 1t has a number of elastic tubes
situated along the body when worn. The tubes themselves
may have openings at each end and at points intermediate in
the tubes for ntroduction of weights or stimuli at various
positions within the tubes. Other garments of interest include
undergarments such as brassieres, corsets, shoulder pads,
belts, seating devices and the like that, 1f desired, may be used
in combination with a wheelchair, tee shirts, undergarments,
body suits, and combinations thereof.

The apparatuses, garments, and orthotics of the present
disclosure can also include one, two, or more than two rela-
tively rigid inserts that support the back, torso, or neck. An
insert can be enclosed 1n a pocket on the back of the garment.
The pocket can be sealed by a variety of ways, including, but
not limited to, hook and loop material, buttons, zippers, and
the like. The garments may be of unitary design or be made of
multiple components. The garments or apparatuses can also
include a belt. The belt can wrap around the outside of the




US RE46,009 E

S

insert through openings in the garment or apparatus. The belt
can also 1include another insert.

This disclosure 1s also directed to methods for improving a
subject’s vestibular system. In these methods, a subject’s
vestibular system 1s 1nitially evaluated. Next, the subject’s
vestibular system 1s stimulated by one or more weights or
stimuli on the head, neck, or torso. Then, the subject’s vesti-
bular system is evaluated again. If, when compared to the
initial evaluation of the vestibular system, the subject’s ves-
tibular system does not show improvement, the one or more
stimuli and/or devices applied to the subject’s vestibular sys-
tem can be adjusted or added to. These steps of comparing and
adjusting or adding to the one or more stimuli or devices are
repeated until the subject’s vestibular system shows improve-
ment when compared to the 1imitial evaluation.

This disclosure also includes methods and apparatuses for
improving a subject’s vision. The apparatuses can 1nclude
cyeglasses or eyeglass frames that can be weighted, sym-
metrically or asymmetrically. In these methods, a subject’s
vision 1s mnitially evaluated. After the mitial evaluation, a
person’s vestibular or ocular system 1s stimulated by one or
more stimul1 or devices, such as by providing weights on or
within eyeglasses or eyeglass frames, or via application of
stimuli to the torso. If, when compared to the 1nitial evaluation
of the subject’s vision, the subject’s vision does not show
improvement, the one or more stimul1 and/or devices applied
to the subject’s vestibular system can be adjusted or added to.
These steps of comparing and adjusting or adding to the one
or more stimuli or devices are repeated until the subject’s
vision shows improvement when compared to the initial
evaluation.

Other features and advantages will become apparent from
the following description, drawings, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 provides a general tlowchart of a method of weight-
ing a garment or orthotic to improve a user’s balance.

FIGS. 2A and 2B provide front and back panel views,
respectively, of an illustrative vest that may serve as a
weighted garment or orthotic.

FIGS. 3A through 3C 1illustrate a computer-assisted
weighted method.

FIGS. 4A through 4C show a weighted shirt having longi-
tudinal tubes for the introduction of weights.

FIGS. 5A and 5B illustrate garments having slits for the
introduction of weights. FIG. 3C illustrates a garment con-
figured as a belt showing a weight packet that may secured
thereto.

FIGS. 6A and 6B illustrate to eflect of weighting on a
patient. In FIG. 6A the patient 1s unweighted, while 1n FIG.
6B the patient 1s wearing a weighted garment as described
herein.

FIGS. 7TA-7E show vanations of an adjustable balance
evaluation tool (garment) which includes two or more straps
and a waist point. FIGS. 7A and 7B show vanations from the
front, and FIGS. 7C-7E show vanations from the back.

FIGS. 8 A and 8B show the front and back, respectively, of
one variation of a belt for use as (or as part of) an adjustable
balance evaluation tool.

FIGS. 8C and 8D show the front and back, respectively, of
a torso strap portion of an adjustable balance evaluation tool,
which may be used in conjunction with the belt portion shown
in FIGS. 8A-8B.

FIG. 8E shows one variation of a weight packet, as
described herein, and FIG. 8F illustrates a weight which may
be used with such a weight packet.
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FIG. 8G shows another variation of a weight, 1n which the
weight includes an attachment means (e.g., securely attached
to the weight).

FIG. 8H 1s a generic example of a fastener that may be used
with the adjustable balance evaluation tool (system) shown in
FIGS. 8A-8D, and FIGS. 81 and 8J show front and back
perspective views, respectively, of one varniation of a fastener
that may be used to link the straps (e.g., FIGS. 8C-8D) to the
belt portion (FIGS. 8A-8B).

FIGS. 9A and 9B show front and back views, respectively,
ol a portion another variation of an adjustable balance evalu-
ation tool.

FIG. 10A shows one variations of portion of an adjustable
balance evaluation tool, which may form part of a strap or
belt. FIGS. 10B and 10C show side and back perspective
views, respectively, of an adjustable-position weight for use
with the tool shown 1n FIG. 10A. FIG. 10D illustrates a clasp
mechanmism for use with the tool shown in FIG. 10A.

FIG. 11A shows one variation of an adjustable balance
evaluation tool, including a support region.

FIG. 11B shows another variation of an adjustable balance
evaluation tool similar to the variation shown 1n FIG. 11A.

FIG. 12A shows a schematic of a support region for use
with an adjustable balance evaluation tool.

FIG. 12B shows one variation of an adjustable-position
weight for use with the tool shown 1n FIG. 12A.

FIGS. 13A and 13B show front and back views, respec-
tively, of an adjustable balance evaluation tool configured as
a bra.

FIGS. 14A and 14B show front and back views, respec-
tively, of an adjustable balance evaluation tool configured as
a vest,

FIG. 15 1s an adjustable balance evaluation tool including
a cooling component.

FIG. 16 1s an adjustable balance evaluation tool 1n conjunc-
tion with garment shell, configured as a shirt or jacket.

FIG. 17 1s another variation of an adjustable balance evalu-
ation tool configured as a yoga garment.

FIGS. 18A and 18B 1s another variation of an adjustable
balance evaluation tool configured as part of a hospital gar-
ment.

FIG. 19 1s another vanation of an adjustable balance evalu-
ation tool configured as a sling.

FIG. 20 1s another vanation of an adjustable balance evalu-
ation tool including a patient support portion.

FIG. 21 1s another variation of an adjustable balance evalu-
ation tool including a waistband/belt region and pant legs.

FIGS. 22-235 illustrate different vanations of adjustable
balance evaluation tools configured as various garments.

FIG. 26 A 1s an adjustable balance evaluation tool config-
ured as a collar. FIGS. 26B-26D illustrate varnations of
weights and weight packets that may be used with the
weilghted collar shown 1n FIG. 26 A.

FIG. 27 1llustrates another variation of an adjustable bal-
ance evaluation tool configured as a bellt.

FIG. 28 A shows an adjustable balance evaluation tool con-
figured as a hat or cap. FIG. 28B shows one variation of an
adjustable-position weight for use with the adjustable balance
evaluation tool shown 1n FIG. 28A.

FIG. 29 shows another vanation of an adjustable balance
evaluation tool configured as a cap.

FIG. 30 1s an adjustable balance evaluation tool configured
as a cull or bracelet.

FIG. 31 1s an adjustable balance evaluation tool configured
as a [show] shoe.

FIG. 32 1s an adjustable balance evaluation tool configured
as a pair of glasses.
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FIGS. 33 A and 33B show vaniations of adjustable balance
evaluation tools configured for use with non-human animals.

FIGS. 33C and 33D illustrate a weight and weight packet that

may be used with an adjustable balance evaluation tool
including the tool (system) illustrated 1n FIGS. 33 A and 33B.

FIGS. 34-38 are various views of additional embodiments
including a relatively rigid support component.

DETAILED DESCRIPTION

Described herein are methods for assessing a need for a
welghted garment or orthotic and for determining appropriate
weight and weight placement within the garment or orthotic.
In addition, described herein are tools for performing these
methods, including adjustable balance evaluation tools (de-
vices and systems). An adjustable balance evaluation tool
may be a weighted garment or orthotic. In some variations,
the adjustable balance evaluation tool may be used to create a
therapeutic device such as a weighted garment or orthotic that
1s not adjustable. The methods described herein may vari-
ously be manual, computer-assisted, or combinations of the
two.

Making reference now to the drawings, FIG. 1 1s a general
overview of a method for assessing a need for a weighted
garment or orthotic and for determining an appropriate
weight and weight placement within that garment or orthotic.

In general, these methods make use of body positioning
and perturbation techniques to detect balance dysfunction.
When a balance dysfunction 1s 1dentified, the method of the
present invention may be used to systematically and selec-
tively apply weight to the patient’s torso or other body region.
In general, a weight 1s selected for placement on or within the
therapeutic garment or orthotic. The size may depend on,
inter alia, the patient’s tolerance for the weight and their
treatment needs. Typically, the various weights applied to the
garment range from % pound to 5 pounds for adults, or less
than that for children, for example, 1-3% of a patient’s body
weight. The determination of the appropriate weight may
turther be dependent upon on the patient’s size, strength, and
resistance to move the patient’s COG to the center of the base
of support. For example, the weight applied may be less than
2.5% of the patient’s body weight, less than 2% of the
patient’s body weight, less than 1.5% of the patient’s body
weight, or the like. These weights are generally much lighter
than weights used 1n other therapeutic or exercise weighting
systems. For example, the weights used to achieve compres-
sion of joints (1.e., to get joint stabilization) are typically
much greater than the four pounds or less than four pound
weilghts used 1 the methods, devices and systems described
here.

In accordance with the methods described herein, contin-
ued perturbation and balance testing 1s done until the patient
resists the perturbation or shows improvement in control or
movement compared to the initial observations, or (1deally)
evidences improvement 1in control and movement that cannot
be further maximized. After an appropriate weight placement
has been determined, changes in movement control, walking
ability, cognition, vision, or dizziness may be assessed. The
patient may, during the procedure, be asked about their ability
to tolerate additional weight and their overall comiort level
with the weighted apparatus. In this way, the amount of
weight may be modified prior to the final preparation of the
weilghted apparatus 11 necessary.

In 1its most elemental form, this procedure i1s observational
and heuristic. This procedure does not necessarily rely on
specific balance standards for assessing the magnitude of a
patient’s balance dystunction (e.g., Berg balance standards,
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Tinett1 balance standards, posturography, etc.). The assess-
ment of a patient’s improvement during this described pro-
cedure 1s by observation following the various instructions
given here, or may be had by monitoring a patient’s COG
placement after introduction of a specific weight at a specific
site and comparing 1t to a comparable COG before that treat-
ment step. Depending upon the malady and the patient, the
appropriate treatment may result in placement of a weight on
the side of the patient considered likely to move the COG
turther toward center, biomechanically or proprioceptively.

As shown in FIG. 1, the first step 100 1s an 1nitial observa-
tion of the patient. In this step the patient’s physical orienta-
tion 1s observed. This usually mmvolves observation of the
patient while sitting or standing, while the provider observes
the patient’s frontal, sagittal, or transverse plane orientation,
as well as bodily movements and balance dysfunction cues.
The sagittal plane refers to the imaginary vertical plane
through the body that divides the body into equal left and right
halves. The frontal, or coronal plane, refers to the imaginary
plane through the body that separates the front from the back.

For example, during observation, the patient may first be
observed 1n a sitting orientation. The observation may ivolve
the exploration of following questions: 1) 1s the patient able to
sit upright without support?; 2) i the patient 1s unable to sit
upright without support, which way does the patient tend to
tall or lean?; 3) 1s the patient sitting with their body positioned
in the midline of the coronal and sagittal planes?; 4) which
way does the patient lean?; 5) what happens to the patient
when they close their eyes (e.g., do they lean 1n a different
direction, sway more, etc.)? If the patient 1s unable to sit
without support for example, or there are other indications or
cues that the patient has a balance dysfunction, the selective
welghting process 104 may begin.

The patient may also be observed 1n a standing orientation.
For example, the observation may 1mvolve the exploration of
the following questions: 1) how does the patient get from the
sitting to the standing positions (e.g., 1s this movement
smooth; do they use their hands, etc)?; 2) can the patient stand
without use of their hands?; 3) how many attempts does 1t take
the patient to stand?; 4) how stable 1s the patient’s 1nitial
standing balance (e.g., do they sway; how far apart are the
patient’s feet, etc.)?; 5) can the patient stand with feet together
without falling?; 6) how many steps does it take for the patient
to bring the feet together?; 7) does the patient falter while
standing?; 8) what happens to the patient when they close
their eyes (e.g., do they lean 1n a different direction, sway
more, etc.). If the patient 1s unable to stand without support, or
there are other indications or cues that the patient has a bal-
ance dysfunction, the selective weighting process 104 may
begin.

The observation step 100 may also include observation of
gait. For example, observation of gait may 1mnvolve the explo-
ration of the following questions: 1) 1s there a disturbance in
the swing or stance phases of gait?; 2) does the patient have
equal stride lengths?; 3) 1s there any hyperextension at the
knee?; 4) does the patient scuil their foot while they walk?; 5)
can the patient walk a straight line?; 6) does the patient lose
theirr balance while walking (e.g., while walking straight,
forward, or turning, etc.)?; 7) How 1s the vestibular ocular
system functioning (e.g., how does the patient perform when
walking and turning the head or eyes)?

In general, the observation may take any number of forms
and 1ncludes all methods of observation useful in acquiring
data. For example, the observation step may take the form of
visual observation and may include the use of mechanical or
clectronic aids. Video recording equipment may be used to
aid 1n observation step 100. In addition, it 1s often usetul to
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first offset the patient’s balance by physical perturbation dur-
ing the observation step 100. Such perturbation may, for
example, include applying one or more slight external forces
to the patient, perhaps from a number of different directions.
This type of perturbation testing i1s analogous to the pertur-
bation testing done 1n step 116 and will be discussed 1n greater
detail below.

That 1s, 11 after 1mitial observation, no problem has been
detected 102, perturbation step 116 may be performed. The
detection of a problem 102 is based in large part on the
observation of the patient’s orientation and exploration of the
questions highlighted above (or similar such questions). Per-
turbation step 116 may occur while the patient 1s in any given
position (e.g., sitting or standing) and any number or types of
perturbation forces may be applied to the patient.

For example, an anterior posterior perturbation force may
be applied to the patient, wherein the patient recerves a hori-
zontal force to the sternum in a posterior direction. If the
patient falls or leans backwards, this 1s termed a “posterior
balance dysiunction.” Similarly, a posterior anterior pertur-
bation force may be applied to the patient, wherein the patient
1s pulled forward horizontally by both hands. If the patient
falls or leans forward, this 1s termed an “‘anterior balance
dysftunction.” The patient may also be subjected to a lateral
perturbation, wherein a force 1s directed laterally through the
humerus at the top of the shoulder joint to displace the patient
sideways, to the right or the left. If the patient falls or 1s unable
to resist the perturbation, this 1s termed a “lateral dysfunc-
tion.” Each of these dysfunctions may further be classified as
“to the right” or “to the left” based on the direction the patient
1s unable to resist the perturbation.

The patient may also be subjected to a rotational perturba-
tion. In a right rotational perturbation, the right shoulder of
the patient 1s pulled forward and the left shoulder 1s pushed
back. Similarly, 1n a left rotational perturbation, the left shoul-
der of the patient 1s pulled forward and the right shoulder of
the patient 1s pulled back. If the patient exhibits less control
over their right shoulder being pulled forward than their lett
shoulder, this 1s termed a “right rotation dysfunction.” Con-
versely, 11 the patient exhibits less control over their left
shoulder being pulled forward than their right shoulder, this s
termed a “leit rotation dystunction.”

However, as mentioned above, 1f during observation 100, a
problem 1s detected 102, selective weighting treatment 104
may begin. The selective weighting step 104 mvolves the
placement of individual weights on the torso to aid the patient
in counteracting the displacement of COG over the base of
support via biomechanical or proprioceptive input. At this
stage, any method may be used to place the weights on the
patient’s torso. For example, the patient may be provided with
a vest or other garment, or the weights may be placed on the
patient’s torso through any other method.

If a vest 1s used, for example, the vest may contain a
number of pockets or receptacles for recerving weights. The
vest may contain a plurality of pockets, having various sizes
and orientations. In this way, weight placement along the
torso’s superior, posterior, lateral, or anterior directions, or
any combinations thereof, may be assessed.

In practice, the methods described herein have shown
remarkable success. For example, FIGS. 6 A and 6B illus-
trates a patient with multiple sclerosis who experiences dii-
ficulty 1n balancing before (FIG. 6A) and after (FIG. 6B)
welghting as described above. In FIG. 6 A the patient 1s asked
to perform a tandem stance walking behavior (e.g., walking,
toe-to-toe) while balancing herself. During performance of
the task her she had difficulty maintaining her balance, result-
ing 1n rapid and erratic arm swinging, as illustrated. After
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determining the positioning and weighting, as described
above, she was provided with a single 2 Ib weight located
near her right shoulder blade, on the back of an adjustable
balance evaluation tool worn over her torso, as illustrated 1n
FIG. 6B. The adjustable balance evaluation tool in this
example has two shoulder straps that attach to a waist band. A
weight may be secured 1 any position on this adjustable
balance evaluation tool; in this variation one surface 1s a hook
material, which can mate with a hook material secured to the
weilght (e.g., a Velcro-type interaction). In FIG. 6B the patient
1s shown performing the same task (e.g., walking 1n a tandem
stance) with substantially better balance.

In general, if an adjustable balance evaluation tool 1s used,
such as a vest, including the garments/systems 1llustrated 1n
FIGS. 2A-2B and FIGS. 4A-5C, the weights may be placed 1n
any position on the adjustable balance evaluation tool, rather
than pre-determined positions. Thus, as described in greater
detail below, the adjustable balance evaluation tool may allow
for weights to be positioned 1n regions immediately adjacent
or continuously adjustable positions.

The weights may be flexible or rigid, and have any given
thickness. The garment (the adjustable balance evaluation
tool) may be marked (e.g., on the pockets, receptacles or
surface of the garment recerving the weight(s) to allow recor-
dation of the weight placement. For example, pockets or
receptacles may be numbered, or may be designated with
alphabetic characters, symbols, pictures, figures, or any com-
binations thereof. Thus, pockets of an adjustable balance
evaluation vest may be numbered and the method of weight-
ing the orthotic identified and results recorded using a num-
bering system. Alternatively, recordation of the weight place-
ment may be made on an exam form or sheet.

The method of weighting the patient or the orthotic 1s often
dependent on the specific type of patient dystunction 1denti-
fied during observation step 100 and perturbation testing 116.
Reference will now be made to FIGS. 2A and 2B, which show
front and back views of one variation of an adjustable balance
evaluation tool that 1s configured as a vest. Again, this vest 1s
a garment that itself may be used either as an end product (1.e.,
a garment to be worn by the patient) or as a tool to determine
the placement and size of weights to be introduced into
another garment, perhaps having greater aesthetic appeal.
Other test garments may be used 1n the same way. For
instance, 1t 1s my intent that test garments having the func-
tional ability to hold a weight 1n a single position during, for
example, perturbation and balance testing, are included as
garments suitable as test garments (adjustable balance evalu-
ation tools). For istance, an illustrative garment for testing
may comprise, rather than a collection of pockets for inclu-
sion of weights, a tacky exterior or an exterior having Velcro,
or another method capable of holding a weight 1n position.
The rnight side of the vest, while worn by the patient, is
indicated with an R. Similarly, the left side of the vest, while
worn by the patient, 1s indicated with an L.

As mentioned above, adjustable balance evaluation tools
including those that include pockets or channels for placing
weights, typically allow positioning of the weight 1n any
appropriate position across a broad region of the adjustable
balance evaluation tool. This may be contrasted with gar-
ments including predetermined placement locations for
weights. In contrast to the garments described and illustrated
herein, these garments may have substantial spacing between
locations of the pockets, which would require weights to be
positioned securely only in these predetermined locations.
For example, 1n FIGS. 2A and 2B, the adjustable balance
evaluation tool 1s configured as a vest including a plurality of
pockets that are immediately adjacent to each other across the
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surface of the vest (e.g., pocket 19 1s immediately adjacent to
pockets 14-16, 18, 20, and 23-25). In other vanations the
entire surface allows for the device to be weighted 1n any one
ol an essentially continuous (rather than discrete) locations.
Adjustable balance evaluation tools having pockets therefore
do not include substantial (1f any) spacing between adjacent
pockets, as shown 1n FIG. 2.

[llustrated below are examples of how a vest may be selec-
tively weighted.

Posterior Balance Dystunction. To test for appropnate
weight placement with this dysfunction, a series of weights
from 4 to V2 pounds may be placed within any of pockets
1-11 until the desired weight shift or perturbation resistance 1s
achieved for adults. In children, the weights may be Vis. 14,
/4, or 2 pounds. Pockets 1-11 are on the front of vest 104.
Placement of weight may begin with pocket 4 and continue
progressively to pockets 8 and 9 11 determined necessary.
Directionally, I have found that beginning the testing
sequence 1n the middle of the vest, e.g., pocket 4, progressing
downward to pockets 8 and 9, and then to the left and right
pockets 1s a practical progression for this balance disorder.
Additional pocket combinations may then be added until the
desired weight shift or perturbation resistance 1s obtained.
The desired amount of weight shift or perturbation resistance
will be that amount resulting 1n an acceptable level of
improvement i balance or movement from the baseline
observation and perturbation steps. Once the desired weight
shift or perturbation resistance 1s obtained, the weight place-
ment (e.g., the amount of weight placed within each pocket
and the corresponding weight-pocket location) may be
recorded.

Posterior Lateral Balance Dysfunction to the Leit. For this
malady, a series of weights from % to 2 pounds may be
placed within any of pockets 13, 1, 3, 4, 6, 7, or 8 and
combinations thereof until the desired weight shift or pertur-
bation resistance 1s achieved for adults. In children, the
weilghts may be Yis. 14, V4, or 2 pounds. Directionally, I have
found that mitially placing the weights higher on the body,
and then adding or subtracting them lower on the body, 1s a
practical progression for this malady. The desired amount of
weight shift or perturbation resistance will be that amount
resulting 1n an acceptable level of improvement in balance or
movement from the baseline observation and perturbation
steps. Patients having greater lateral instability than posterior
instability occasionally may need a weight placed 1n a poste-

rior right pocket (e.g., 17, 21, 26, or 27) as well as a weight
placed 1n the front. Once the desired weight shiit or pertur-
bation resistance 1s obtained, the weight placement (e.g., the
amount of weight placed within each pocket and the corre-
sponding weight-pocket location) may be recorded.
Posterior Lateral Balance Dysfunction to the Right. To test
for appropriate weight placement with this dysfunction, a
series of weights may be placed on the anterior left side of the
patient with the occasional placement 1n one pocket in the
posterior left side of the patient when the patient has more
lateral dysfunction than posterior dysfunction. For example,
from Y4 to Y2 pounds of weight may be placed within any of
pockets12,2,4,5,9,10, or 11, and combinations thereof until
the desired weight shift or perturbation resistance 1s achieved
for adults. In children, the weights may be Vis. 15, Va, or 12
pounds. The desired amount of weight shift or perturbation
resistance will be that amount resulting 1n an acceptable level
of improvement 1n balance and movement from the baseline
observation and perturbation steps. Once the desired weight
shift or perturbation resistance 1s obtained, the weight place-
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ment (e.g., the amount of weight placed within each pocket
and the corresponding weight-pocket location) may be
recorded.

Lateral Balance Dystunction to the Left. I have found that
even posterior anterior distribution of weights produces the
best result unless the patient has a minor rotation, or
decreased resistance or loss of neutral. To test for the appro-
priate weight placement for this dysfunction then, a series of
weights from Y4 to %2 pounds may be placed within any of
pockets 13,1,3,6,7, 8,20, 21, 25,26 or 27, and combinations
thereol until the desired weight shift or perturbation resis-
tance 1s achieved for adults. In children, the weights may be
6. 18, V4, or V2 pounds. The desired amount of weight shift
or perturbation resistance will be that amount resulting 1n an
acceptable level of improvement 1n balance and movement to
from the baseline observation and perturbation steps. To pro-
vide even weight distribution between the front and back
segments of the weighting apparatus, weight may be placed
within pockets 3 and 21, or within pocket 6 or 7 counterbal-
anced by weight placement within pockets 26 and 27 respec-
tively. In some 1nstances 1t may also be desirable to place a %4
pound weight at the shoulder, for example within pocket 13.
Once the desired weight shift or perturbation resistance 1s
obtained, the weight placement (e.g., the amount of weight
placed within each pocket and the corresponding weight-
pocket location) may be recorded.

Lateral Balance Dysfunction to the Right. To test for the
appropriate weight placement for this dysfunction, a series of
weights from Y4 to /2 pound of weight may be placed within
any ol pockets 12,2, 5,9,10,11,14,15,18, 19,22, 23, or 24
and combinations therecof until the desired weight shift or
perturbation resistance 1s achieved for adults. In chuldren, the
weights may be Vis. 18, V4, or Y2 pounds. These pockets are on
the front and back of vest 104. The desired amount of weight
shift or perturbation resistance will be that amount resulting
in an acceptable level of improvement in balance and move-
ment from the baseline observation and perturbation steps. I
have found that beginning weighting on the upper, lett, front,
side of vest 104, proceeding down the front of the vest, pro-
ceeding to weight the upper left side of the back of the vest,
and then proceeding down the back of the vest 1s a practical
progression for this dystunction. In some instances, it may be
desirable to provide even weight distribution between the
front and back segments of the weighting apparatus. In these
instances, weight may be placed within pocket 5 counterbal-
anced by weight placement within pocket 19. Similarly
weight may be placed within pockets 10 or 11 counterbal-
anced by weight placement within pockets 22 and 23 respec-
tively. In some 1nstances 1t may also be desirable to place a %4
pound weight at the shoulder, for example within pocket 12.
Once the desired weight shift or perturbation resistance 1s
obtained, the weight placement (e.g., the amount of weight
placed within each pocket and the corresponding weight-
pocket location) may be recorded.

Anterior Balance Dysfunction. To test for the appropriate
weight placement for this dysfunction, a series of weights
from V4 to 12 pounds may be placed within any of pockets 15,
16, 19, 20, 23, 24, 25, or 26, and combinations thereof until
the desired weight shift or perturbation resistance 1s achieved
for adults. In children, the weights may be V1s. 15, Va, or 12
pounds. The desired amount of weight shift or perturbation
resistance will be that amount resulting 1n an acceptable level
of improvement 1n balance and movement from the baseline
observation and perturbation steps. Pockets 15,16,19, 20, 23,
24, 25, and 26 are on the back of vest 104 and a practical
progression for weight placement may begin by placing
weilghts on the top portion of the back of the vest and then
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proceeding downward. In some 1nstances, 1t may be desirable
(e.g., a quicker determination of proper weight placement
may be made) to place weights first within one or more of
pockets 15,16, 19, and 20 betfore placing weights within other
pockets, 11 necessary. Once the proper weight shift or pertur-
bation resistance 1s obtained, the weight placement (e.g., the
amount of weight placed within each pocket and the corre-
sponding weight-pocket location) may be recorded.

Anterior Lateral Dystunction to the Right. For appropriate
welght placement for this dysfunction, a series of weights
from V4 to 12 pounds may be placed within any of pockets 12,
14, 15, 18, 19, 22, 23, or 24, and combinations thereof until
the desired weight shift or perturbation resistance 1s achieved
for adults. In children, the weights may be Vis. 14, V4, or 12
pounds. The desired amount of weight shiit or perturbation
resistance will be that amount resulting 1n an acceptable level
of improvement 1n balance and movement from the baseline
observation and perturbation steps. Pockets 12,14,15, 18,19,
22, 23, and 24 are on the back of vest 104, and I have found
that beginning weight placement in the upper left portion of
the back of the vest and proceeding downward, 1s a practical
progression for this dysfunction. In some 1nstances, it may be
desirable (e.g., a quicker determination of proper weight
placement may be made) if weight placement 1s first tried
within pockets 14 or 18. Once the desired weight shift or
perturbation resistance 1s obtained, the weight placement
(e.g., the amount of weight placed within each pocket and the
corresponding weight-pocket location) may be recorded.

Anterior Lateral Dysfunction to the Leit. To test for the
appropriate weight placement for this dysfunction, a series of
weights from V4 to %2 pound of weight may be placed within
pockets any of 13, 16, 17, 20, 21, 25, 26, or 27, and combi-
nations thereof until the desired weight shift or perturbation
resistance 1s achueved for adults. In children, the weights may
be Vis. Y3, Va, or %2 pounds. The desired amount of weight
shift or perturbation resistance will be that amount resulting
in an acceptable level of improvement in balance and move-
ment from the baseline observation and perturbation steps.
Pockets 13, 16, 17, 20, 21, 25, 26, and 27 are located on the
back of vest 104 and I have found that a practical progression
tor selectively weighting for this dysfunction begins at the top
right ot the back of the vest and proceeds downward. In some
instances 1t may be desirable (e.g., a quicker determination of
proper weight placement may be made) 11 weight placement
1s {irst tried within pockets 17 or 21. Once the desired weight
shift or perturbation resistance 1s obtained, the weight place-
ment (e.g., the amount of weight placed within each pocket
and the corresponding weight-pocket location) may be
recorded.

Evaluation of proper weight placement may continue as
long as necessary to determine whether the patient maintains
their COG over their base of support for extended periods.
The process to determine proper weight placement 1s typi-
cally iterative and based on trial and observation techniques.
That 1s, after each incremental weight addition, it 1s often
desirable to retest the patient using the perturbation and
observation steps described above. In this way, a more accu-
rate assessment of the effect of weight placement on the
patient’s balance and postural stability may be made.

If treatment 1s a success 106, then the process of assessing
the need for a selectively weighted garment and determining,
proper weight placement throughout a patient’s torso, 1s at its
end 110. As described above, a determination of success 1s
typically based on a comparison of the patient’s ability to
balance and move before and after the weighting treatment or
assessment has begun, and at each step during the weighting
process. That 1s, the patient’s improvement 1s continually
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monitored from their baseline position (the baseline position
being the assessment of the patient after observation step 100
and, optionally, perturbation step 116). The number of treat-
ment trials necessary to reach success 1s highly variable. For
example, the number of treatment trials necessary 1s often
dependent on factors such as, the severity of the dysfunction
(e.g., 1s the dysfunction 1n only one plane of movement, etc),
and the patient’s nabaility to attain or maintain COG over the
base of support.

I1 the treatment 1s not successiul, in that significant further
improvement may be had, the treatment may be further
checked 108. This typically involves altering the weight
placement or overall weight amount. Lighter weights are
typically used with smaller, lighter, or weaker individuals.
Heavier weights are typically used with larger individuals or
those with a greater 1inabaility to attain or maintain COG over
the base of support. In addition, observation step 100 and
perturbation step 116 may be repeated as necessary to further
assess the most beneficial weight placement treatment.

When the weighting 1s successtul, the patient’s gait may be
evaluated in order to assess whether their ambulation, or
ability to walk, has improved. The patient may also be asked
whether the weight 1s comfortable to them 1n order to deter-
mine whether any weight adjustments may be necessary.
Typically, 1t 1s desirable to provide the individual with as Iittle
weight as possible while still ensuring that their COG remains
over their base of support.

If any further attempt at weight adjustment produces no
improvement, the treatment 1s successiul 112, and 1s at 1ts end
110. If not, there may be a further determination that all
treatments have been tried. This typically involves rechecking
weilght placement and overall weight amount, as well as mak-
ing use ol the perturbation and visual techniques described
above. I all selective weighting treatments have been tried,
then the selective weighting and the outcome 1s still unsuc-
cessiul, selective weighting may simply be inappropriate for
the patient and the assessment process 1s at its end 110. If not,
the selective weighting treatment regimen 104 1s begun anew,
and repeated.

The above method for determining proper weight place-
ment may be performed manually, with use of a computer, or
by some combination of the two. The use of a computer for
accepting output signals from a force sensor and for calculat-
ing the COG by the subject may be highly desirable. For
example, a patient may stand on a support surface or force
plate connected to a computer and the computer may receive
the patient’s output, calculate their current COG, and develop
the patient’s baseline COG position. One acceptable example
of such a system 1s found 1n U.S. Pat. No. 5,476,103 to
Nahsner filed on Jun. 8, 1993 and entitled, “Apparatus and
method for assessment and bioteedback traiming of leg coor-
dination and strength skills,” which 1s hereby incorporated by
reference 1n 1ts entirety. Other common examples of accept-
able computers or processors for use with the present mven-
tion are known 1n the industry.

FIGS. 3 A through 3C show a procedure for using a com-
puter or processor to measure and facilitate COG correction
via proper weight placement. As illustrated 1n FIG. 3 A, posi-
tion 300 indicates a patient’s coordinate system when their
COG 1s aligned over their base of support. FIG. 3B shows one
example of a patient’s position that 1s oflset from COG as
indicated by mark 302. In FIG. 3B, mark 302 indicates that
the patient stands anteriorly and laterally (1nitially at least).
Lateral and slight posterior selective weighting may be
employed to correct the deficiency and move the patient COG
over their base of support.
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The procedure described just above 1.e., systematically and
selectively weighting the orthotic to improve COG place-
ment, may also be employed while the patient 1s standing on
the force plate or support surface. As the amount of the
weights and their placement are adjusted, the computer
receives the new output and registers the feedback on a
screen. Thus, as the patient becomes more centered, mark 302
will move closer to position 300. In this way, the provider will
readily be able to determine whether, and to what extent, the
weight placement has caused the patient’s COG to move
toward center. FIG. 3B shows another example of a patient
who 1s off center. In this figure, mark 304 indicates that the
patient stands posteriorly and thus the selective weighting,
procedure may be anteriorly. However, i1t should be noted that
selective weighting does not always begin at a position oppo-
site that of the dysfunction (e.g., weighting anteriorly for a
patient who stands posteriorly). These weighting starting to
points are merely illustrative.

Once a patient has achieved improvement in COG over
base of support, or 1deally, achieved their optimal COG over
base of support, their ability to recerve and interpret soma-
tosensory information, coordinate muscular contractions,
and move with more stability may then optionally be tested.
The use of a computer together with devices for measuring
COQG, e.g., a plurality of support surfaces or force plates, may
greatly facilitate patient assessment and testing 1n a number of
ways. For example, computer assistance may {facilitate
quicker determination of proper weight placement (e.g., as
described above), as well as provide more detailed informa-
tion regarding a number of different patient positions. These
positions may include, but are not limited to sitting, standing
(on one or both legs), bending, squatting, walking up stairs. In
addition, computer assistance may help provide more
detailed information on the patient’s reaction while standing
on compliant and non-compliant surfaces, such as floors,
rugs, etc. In this way, the testing of proper weight placement
may be rigorously evaluated while simulating any number of
conditions.

My invention also provides weighted orthotics or gar-
ments. Proper weight placement and weight size or amount
are first determined using the methods described above. Cus-
tom garments or orthotics may then be made to accommodate
the patient’s individual needs. For example, the positioning of
the weights and their actual weight values may be recorded
using the procedures noted above and mapped onto a garment
or orthotic. For example, an adjustable balance evaluation
tool (system or device, including the orthotics or garments
described) may be used to determine the correct positioning
and adjustment of the one or more weights used. Similarly,
recordation of the actual weight values may help facilitate a
reduction 1n the overall weight of the garment or orthotic by
making use of ratios. Once the location of weights and their
values are recorded, tests may be performed to determine 11
reduction of all or some weight values by a fraction would still
produce beneficial results 1n improving balance. In this way,
for example, the amount of each weight may be reduced by a
fraction, such as 2, resulting in %2 weight reduction 1n each
location. Ratios may also be used to facilitate a reduction 1n
the size of each weight. For example, the size of each weight
may be reduced by a fraction 1f beneficial results 1n improving,
balance are still obtained.

The garments or orthotics (including an adjustable balance
evaluation tool) may be of any appropniate form, size, shape,
and thickness, in order to accommodate the patient’s needs
and the therapeutic weighting described herein. For example,
the orthotic may take the form of a weighted shoulder pad, a
welghted belt, a weighted seating device to be used in com-
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bination with a wheelchair, e.g., a weighted vest or other
garment that may be attached (e.g., using Velcro or magnets)
to the back of a wheelchair seat to improve the patient’s
stability, a weighted attachment to a brassiere, a brace con-
figured to {it a patient’s torso, head, or body part, or any other
weighted orthotic. Similarly, the weighted garment may be a
brassiere, tee shirt, body suit, belt, hat, headband, eyewear,
shoe, glove, jacket, pants, cape, vest, or any other garment to
be worn. For example, desirable garments may be those spe-
cifically designed as undergarments, e.g., those typically
worn substantially out of public view (depending of course,
on taste) or intended to be worn underneath outer garments,
such as shirts, blouses, and jackets. One variation specifically
includes the undershirts, brassieres, girdles, or girdle-like
garments mentioned elsewhere. Of course, such undergar-
ments may be made of fabric that 1s comifortable against the
skin. The garment may be self-fastenable (using, e.g., but-
tons, snaps, hook and latch fabric, such as Velcro, and mag-
nets, etc.) or held to the torso using belts, bands, etc.

The weights for placement within any of the weighted
apparatuses may be rigid or may be tlexible. The weights may
be made of any suitable material, and be able to accommodate
any thickness. When the weighted apparatus 1s a body suit or
brassiere, for example, the weighted material may be tlexible,
thin, and made of a hypoallergenic material. In this way the
entire suit or brassiere may be made of the weighted matenal,
having a weight distribution determined in accordance with
the above methods. In other variations, the material itself may
not be weighted, but may icorporate weights therein. Any
suitable type of weight may be used. For example, 1n one
variation, flexible weights are used, of the type described in
U.S. Pat. No. 6,005,041 to Cook filed on Nov. 9, 1995 and
entitled “Reimnforced Thermoplastic Elastomeric Gel
(RTEG),” which 1s hereby incorporated by reference in its
entirety.

In other vaniations, the weights are provided in packets
having at least one hook and latch fabric, magnetic, or other
casily attachable surface or portion. Thus, the weights may be
inserted into a weight packet that 1s attachable to the garment
(e.g., the adjustable balance evaluation tool). In this way, the
weights themselves may be attached to the apparel of the
patient. For example, the weight packets may be attached to
the waistline of a pair of paints, or may be attachable to a
portion of a shirt, jacket, belt, etc. Thus, different weights may
be loaded 1nto a standard-size weight packet. In some varia-
tions, the weight packets may include one or more pockets for
iserting one or more weights (allowing adjustment of the
weilght at a location by adding to the weight packet. One or
both sides of the weight packets may include a fastener (e.g.,
snap, hook, etc.) or adhesive material (chemical adhesive,
mechanical adhesive such as hook-and-latch (i.e., Velcro)
material, etc.), or the like, to secure it to the garment. In some
variations the weights themselves are configured to attach to
the adjustable balance evaluation tool or garment. For
example, the weight may include a fastener (e.g., snap, hook,
etc.) or adhesive material (chemical adhesive, mechanical
adhesive such as hook-and-latch (1.e., Velcro) matenal, etc.),
or the like.

I have found an adjustable balance evaluation tool config-
ured as a weighted vest to be especially usetul. The vest may
have any number of optional panels, but typically may have a
pair of front panels separated by a front, closing seam and a
back panel or of course, 1t may be made up of: a front panel,
a back panel, or side panels. The vest may be made of any
number of suitable materials. The vest may be made of
durable materials capable of withstanding the weight therein
and capable of maintaiming 1ts integrity in the event the wearer
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falls. The vest may have a continuously adhesive surface (e.g.,
a Velcro-type, hook-and-loop surface for recerving a weight
or weight packet) and/or may have any number of pockets or
receptacles for receiving and securing the weights therein, as
described above. Alternatively, the vest may have no pockets
or receptacles and be manufactured 1n accordance with the
above methods, wherein predetermination of the proper
weight distribution 1s made and the material of the vest 1s
weilghted 1n accordance therewith. For example, the vest may
be made so that the weight 1s permanently affixed and 1s not
readily adjustable after fabrication, based on the determina-
tion of the weight location and amount made above. In gen-
eral, such garments (customized and non-adjustable balance
correcting garments) include one or more weights that are
positioned 1n locations that are non-symmetrical relative to
the body, but are therapeutically positioned to correct or assist
the balance for the individual for whom the garment 1s cus-
tomized. The weight 1s typically between about 0.05% to less
than 3% (e.g., less than 2%, around 1.5%) of the subject’s
body weight. In some variations only a single weight 1s used,
and 1s secured on an asymmetric position on the garment
(relative to the subject’s bilaterally symmetry—_iront/back
and right/left symmetry).

The vest may be of any length and shape to accommodate
the wearer’s height, size, body type, comiort, and ability to
maneuver about while wearing 1t. Similarly, the vest may be
of any thickness so that it may be worn 1n any number of ways.
For example, in one vanation, the vest 1s relatively thin so that
it may be worn underneath the wearer’s clothing. In other
variations, the vest 1s thick and may be worn on top of the
wearer’s clothing.

Another weightable or weighted garment of particular use-
tulness 1s shown 1n FIG. 4A. The garment 400, although
shown 1n the form of a shirt, may be a vest, corset, or other
apparel, having at least a portion worn on the torso. Central to
this garment 400 are the linear enclosures 402 that are adapted
to recerve weights 1n shapes and forms that may be mserted
into the linear enclosures 402. Shown 1 FIG. 4A are linear
enclosures 402 having an open upper end 406, cross-slits 408,
and open lower and 410. Each of the linear enclosures 402
would typically have the openings specified just above.

FIG. 4B shows a partial close-up view of one of the linear
enclosures 402 with the open cross-slit 408 and the open
bottom end 410. FIG. 4C shows a top view cutaway of a linear
enclosure 402 and the open space 412 within for placement of
an appropriate weight. The linear enclosure 402 shown 1n
FIGS. 4B and 4C 1s made up of a cover 414 that 1s surged to
the backing material 416.

I have found that constructing one or more of the cover 414
and the backing material 416 from a stretchable material such
as nylon, Lycra®, or the like, tends to hold the weights 1n
position 1n the linear enclosures, particularly 11 the weights
are resistant to movement after placement or covered with a
rubber maternial. Returning to FIG. 4A, the linear enclosures
402 shown there are positioned longitudinally with the torso
of the wearer. However, they need not be so. Other configu-
rations, helical about the torso, of differing widths, as well as
single enclosures having varying widths, are also suitable.

Other useful weighted garments are 1llustrated in FIGS. 5A
and SB. FIG. 5A 1llustrates a weighted garment 500 config-
ured to be worn about both shoulders while FIG. 5B illus-
trates a weighted garment 510 configured to be worn about
one shoulder. The garments 500 and 510 may be double
layered for example, and be made of a breathable and stretch-
able material. Slits 502 are provided variously along the
length of the garments for the itroduction of weights 504.
Slits for weights may also be provided on the shoulder por-
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tions of the garments 508. The weights 504 may be held 1n
place, for example, by sewing the weights 1n place at or near
slit 502 or the weights may be allowed to migrate to the base
of the garment 506 before being sewn 1n place. In addition,
any of the methods of attachment described above (e.g., hook
and latch fabric, magnetism, etc.) may be employed here. In
addition, while horizontal slits are represented here, the slits
need not be so. Other configurations are also suitable. For
example, FIG. 5C 1s another variation of an orthotic device
configured as a belt, as described above. A weighted packet
503 may be positioned and secured to the inner, outer, or
either side surface of the device 501 by any of the attachment
mechanisms described. The orthotic device shown in FIG. 5C
also 1llustrates markings 501 uniquely indicating the position
of any attached weight packet 503, as described above.

As mentioned above, the adjustable balance evaluation
tools described herein may also be referred to as orthotics or
garments. These devices (which may also be systems includ-
ing multiple components, as described below) may be used
durmg the testing/analysis portion ol the method to determine
where to position one or more weights. After determining
where the weight or weight should be positioned, a separate
(e.g., customized, non-adjustable) garment or orthotic may be
made using the information taken from the adjustable balance
evaluation tool. Thus, described herein 1s a method for creat-
ing a customized orthotic that may include the steps of using
an adjustable balance evaluation tool to determine the posi-
tion and weight appropriate to benefit a patient, as described
above, then securing a corresponding weight to a customiz-
able garment in the position 1dentified. Any appropriate gar-
ment may be used. The weight may be permanently secured
(e.g., sewn to the fabric or within the garment), or 1t may be
temporarily secured. In some variations a pocket or attach-
ment site 1s positioned on the garment at the appropnate
(custom, patient-specific) site so that the weight may be
attached/detached by the user. As mentioned, more than one
site may be used. Variations including attachment sites that
are positioned by this method may be configured for use with
‘weights’ that are devices or objects weighing the same or less
than described that are not simply therapeutic weights but
achieve improved balance. For example, the ‘weight’ that
may be attached to the custom garment may be a cold or hot
pack, cell phone, sensor, or other device. The attachment site
may be a pocket or region including a fastener (or for mating
to a fastener). In practice, the attachment site(s) for any par-
ticular patient are specific to that patient, and each garment
may have one or more weights or attachment sites for weights
at these specific sites. A custom garment may include one or
more weights (or an attachment site for a weight) that 1s
typically positioned on a discrete location (e.g., smaller than
4 .4 1nches) 1n an asymmetric position on the garment. For a
garment worn on the torso, the weight or attachment site may
be located on the back, front, shoulders, or sides.

In some variations, the adjustable balance evaluation tool
may be used, or adapted for use, as a customized garment or
orthotic. For example, once positioned, the weight may be
permanently attached to the adjustable balance evaluation
tool (making 1t non-adjustable), or 1t may be attached to, or
within, a portion of another garment. For example, the adjust-
able balance evaluation tool may be coupled with a garment
such as a shirt, vest, bra, jacket, or the like. Examples of
adjustable balance evaluation tools adapted to be customized
garments or orthotics are provided in detail below (e.g., FIGS.
13A-20).

FIGS. 7A to 7E show different variations of adjustable
balance evaluation tools or systems as described herein. For
example, FIGS.7A and 7B show back views of two variations
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of adjustable balance evaluation tools. In FIG. 7A, the adjust-
able balance evaluation device includes a back strap 701 that
connect to a belt region 700. The back strap 701 also connects
(or 1s continuous with) two shoulder straps 703, 703", one for
cach shoulder. The shoulder straps can then pass over the
front of the torso, as illustrated in FIGS. 7C and 7E, and
connect to the belt region 700 on the front of the garment. The
straps and belt may be different components that mate with
cach other, or they may be formed as a single garment. The
variation shown 1n FIG. 7B includes lateral straps 705, 703’
that pass under the arms and over the shoulders, as illustrated
in FI1G. 7D. The configuration of the adjustable balance evalu-
ation tool may depend on the patient. In particular, the con-
figuration may depend on the anticipated needs of the patient
based on where 1t 1s anticipated that weights will be placed, as
described 1n the methods above. In some patients more lateral
placement of weights 1s necessary, thus the configuration
shown 1n FIGS. 7B and 7D may be more appropriate.

In all of the variations shown 1n FIGS. 7TA-7E, the straps
and belt portions typically include one or more axis of mark-
ings, indicating where on the adjustable balance evaluation
tool (relative to the patient’s body) the weight or weights are
placed during treatment. For example, a ruler or calibrated
pattern may be formed on the straps and/or belt. The entire
adjustable balance evaluation tool may be configured to allow
attachment of a weight or weights. For example, one surface
ol the adjustable balance evaluation tool (the inner or outer
surface) may be configured to allow a weight to be secured
thereto. For example, the outer surface may be a Velcro mate-
rial that 1s configured to mate with a Velcro hook material on
the weight or weight packet. The markings along the adjust-
able balance evaluation tool indicating the position of the
weight may be on the same side or the opposite side of the
garment (inside or outside).

As mentioned, the adjustable balance evaluation tool may
actually be an adjustable balance evaluation system, includ-
ing a plurality of connecting straps that are adapted to attach
to one or more weights or weighted packets, and include
calibration marking uniquely 1dentitying the position on the
straps where the weight 1s positioned relative to the patient’s
body. The system may include one or more weights, which
may be directly attachable to the straps, or they may be used
with one or more weight packets that are attachable to the
straps.

For example, FIGS. 8 A-8B and 8C-8D show two compo-
nents of an adjustable balance evaluation system. FIGS. 8A
and 8B show the calibrated inside and solid outside, respec-
tively, of a belt such as the belts 1llustrated in FIGS. 7A-TE.
The belt may include one or more surfaces that are configured
to secure a weight or weights. For example, the belt may have
a surface that 1s made of a Velcro material configured to mate
with a Velcro hook material. The belt 1s typically adjustable so
that 1t can fit a variety or range of waist sizes, and may be
secured 1n place using a buckle, latch, or other material such
as a Velcro attachment between the end regions. In FIG. 8A,
the 1nside surface of the belt includes indicators (a numbering
system that can be used on other portions of the device to
indicate position). FIG. 8B shows an outside surface of the
device of FIG. 8A. In this example, the outside surface is
adapted to secure a weight thereto, ¢.g., via Velcro. Thus, the
outside surface includes a Velcro recervable surface, allowing
the weight to be positioned anywhere on the surface of the
device 1n a non-predetermined manner. In other variations the
outer surface 1s configured to secure a weight or weights by a
zipper, stay, track, button, magnet, or other means.

FIGS. 8C and 8D illustrate one variation of straps which
may be part of an adjustable balance evaluation system. In
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this example the straps may also include a numbering system
as 1llustrated for the belt (FIG. 8 A), and one or more surtaces
(e.g., the outer or inner surfaces) may be configured to secure
a weight or weights (either directly or via a weight packet).
The straps 1n this example, include a back portion 805 and two
over-the-shoulder portions 807, 807'.

The straps shown in FIGS. 8C and 8D are configured to
connect to the belt of FIGS. 8A and 8B. Thus, the ends of the
straps 809, 809', 811 may be coupled securely to the belt. In
general, an adjustable balance evaluation tool may be cus-
tomizable to {it the torso of an individual by adjusting the
length of the straps. For example, the ends may be cut or
otherwise shortened and connected to a connector to couple
to the belt. FIGS. 8H-81 illustrate variations of connectors
that may be included as part of an adjustable balance evalu-
ation system. A connector may be secured to the end 809,
809', 811 of a strap. For example, the connector may be folded
over the cut end of the strap (after 1t has been cut to fit the
subject), and locked over the strap by a connector (e.g., fas-
tener), adhesive (Velcro, chemical adhesive, etc.), sewn, or
otherwise secured. The connector may be a Mila clip, allow-
ing for customizing of the length of the straps, and securing
them to the belt. The connector may include a hole or opening
through which the belt 1s threaded, or it may include a fas-
tener. In FIGS. 81 and 8J, the connector includes an outer
surface that 1s a Velcro material that can mate with the Velcro
receiver on the belt (or vice-versa).

FIG. 8E illustrates one vanation of a weight packet 820
including a pocket 822 into which a weight (e.g., the weight
shown in F1G. 8F) may be positioned. The weight packet may
also include one or more sides configured to couple to the
adjustable balance evaluation tool, such as a fastener or Vel-
cro-hook material. The weight packet may be used with
weilghts of a variety of sizes, widths, and weights. More than
one weight may be inserted or held by a weighted packet.
FIG. 8G 1s one variation of a weight that includes a fastener on
one side (e.g., a Velcro hook material). Other fasteners may
include buttons, snaps, magnets, Velcro, adhesives (e.g.,
glues), zippers, etc.

As mentioned above, any appropriate weight may be used.
For example, the weight may be a mass formed of a metal or
other dense material (e.g., lead, steel, etc.), a gel matenal,
sand, reinforced thermoplastic gels, magnets, pellets, rubber,
liquids (e.g., water), etc. In some variations the weights are
calibrated to be of known weight (e.g., 4 pound, 2 pound,
ctc.), and may be marked. The weights may be (or may
include) magnets for magnetically attaching to the adjustable
balance evaluation tool. In some varnations the weight 1s an
active element such as an electrical stimulation device, ther-
mal device, or a vibration device, which may provide addi-
tional therapy or therapeutic benefit when worn. In some
variations the weight 1s an element that 1s configured to per-
form an additional or separate function. For example, the
weight may be a cell phone or other (normally) handheld
device. The weight may be a wallet or pouch which may hold
additional material. In still other vanations, a patient’s sen-
sory system can be stimulated by compression. In such varia-
tions, the stimulus stimulates a person’s sensory system by
compressing a portion of the patient’s body. Such compres-
s1on stimulus can be provided by any of the apparatuses and
garments described herein. Compression can be provided on
any body part including, but not limited to, a patient’s head,
neck, arm, wrist, shoulder, torso, back, waist, leg, hip, foot,
etc. The compression can be provided by adjustable bands or
clastic material at desired locations.

In some variations, the ‘weight” may be a device such as a
sensor or console for a sensor. For example, a controller or
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console (e.g., W11 game controller) including motion and/or
position sensor may be used as a weight or 1n place of a
weight. This may allow tracking or recording of the COG
movement interactively.

The adjustable balance evaluation tools and systems
described herein may be used as indicated to help assess and
determine how to treat a balance disorder. In addition to
providing weight as indicated above, these systems and
devices may also be used to provide additional sensory treat-
ment modalities such as vibration, electrical simulation, or
the like. The weight typically imparts a non-symmetrical
force to the subject through the garment (based on its posi-
tion) to help stabilize the patient in need thereof. In general,
adjustable balance evaluation tools such as those described
herein (which may be customized to fit and measure each
subject specifically) may provide many benefits. Since the
device may be customized and adjusted continuously, the
treatment may be optimized. The climician may use the device
to assess the effects of the treatment. Also, as mentioned
above, an adjustable system or device such as those described
herein may be used to create customized non-adjustable gar-
ments or orthotics.

Any of the adjustable balance evaluation devices and sys-
tems described herein may be fully adjustable. Thus, these
devices may be adjusted to fit multiple body sizes, from tall to
short, large to thin, or the like. As described for FIGS. 8 A-8D,
the straps and belt in some varnations may be adjusted to fit
different torso sizes, and the resulting device 1s easy to apply,
and may be lightweight and fit snugly. In addition, variations
comprising one or more straps may be comiortably worn,
since they cover only a portion of the patient’s body, and do
not bind the patient’s movements, although they may provide
stability 1n multiple planes of movement. In addition, these
devices and systems may be quickly applied (and custom-
1zed) and may be worn by the patient over a long time (e.g.,
minutes, hours and even days). These adjustable balance
evaluation tools may be non-obtrusively worn beneath other
clothing, or over other clothing, as mentioned.

In operation, a device such as the one shown in FIGS.
8 A-8D may be {it to a subject by placing the straps onto the
back and shoulders of the subject, attaching the belt around
the waist of the subject, measuring and cutting the front
straps, attaching the clips (connectors) to the ends of the
straps, attaching the straps to the belt, and then placing the
weights as described above.

In some vanations the adjustable balance evaluation tool
includes just a belt, without the upper torso straps or vest
region. For example, an adjustable balance evaluation system
may include a belt as shown in FIGS. 8A-8B.

FIGS. 9A and 9B illustrate another variation of an adjust-
able balance evaluation system. The device shown in FIGS.
9A and 9B i1s configured as an adjustable “suspender”
orthotic. This variation may be attached to a belt (e.g., the belt
shown 1n FIGS. 8A-8B) around the patient’s waist. The belt
may be made of a stretchable material, and may include a
receiving surface for receiving a Velcro-type hook on both
inside and/or outside of the belt. The suspenders shown 1n
FIGS. 9A and 9B are fully adjustable i height 1n both front
and back for proper patient {fit. A weight or weights may be
placed anywhere along the straps (or belt, 1n some variations).
For example, the weight may include a Velcro or Velcro-type
hook material (or be secured 1n a weight packet with a fas-
tener such as Velcro hook) and placed anywhere on the sus-
pender’s straps.

In FIG. 9A, all or a portion of the straps may be made from
a Zloop or other Velcro-type receivable matenal, particularly
on the outside of the device. The ends of the straps (region
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marked “1””) may include Velcro-hook type material to secure
to the belt, or other clip-on suspender hardware may be used
to attach the straps to the belt. The region marked “2” may
also be made of a Velcro-type receirvable material on both
sides with a Velcro-hook type material on the ends, allowing
adjustment of the length by folding this region back on 1tself
alter passing through the loop, as shown. The region marked
“3” may be made of a stretchable Velcro-type recerving mate-
rial that1s attached to D-rings on the back (shown in FI1G. 9B).
The strap could also be made to thread through the D-ring and
attach back to itself to allow more adjustment. The D-rings on
the back may be pivotable to allow adjustment of the shoulder
region. The back of the device (region “5””) make also be made
ol a Velcro-type recetving material. The lower back region
(““7” and “8”) are also made of an adjustable Velcro-type
receiving material (and a region of Velcro-type hook material)
and can be adjusted to the subject’s height before attaching to
the belt, as described.

The example, shown above includes straps (shoulder
straps) and a belt, and the weight or weights are attached 1n
any (non-predetermined) position using a Velcro-type attach-
ment. FIGS. 10A-10D illustrate another variation 1in which
the weight or weights are attached to a track or strand on the
strap(s). For example, F1IG. 10A shows a region of a strap (or
belt) 1000 that includes a central fastener track 1001 to which
one or more weights may be attached (either directly or via a
weight packet). FIGS. 10B and 10C 1llustrate a weight includ-
ing a coupling or fastening region 1005 that attaches to the
central fastener track 1001 so that the weight 1s held 1n place.
In this example, the coupling region 1s a clip-like structure
that allows the weight to be secured under the central fastener
track 1001 after 1t has been clipped on. In some varnations the
weight may be slid along the fastener track 1001 to adjust the
position of the weight. For example, FIG. 10D shows a partial
side view through a fastener including a friction clip that may
bereleased (e.g., by pushing on one end of a release lever) and
allowed to slide on the central fastener track or removed from
the track entirely. In some variations the device also imncludes
markings on either the central fastener track or the strap 1000,
or both.

FIG. 11 A shows another variation of an adjustable balance
evaluation system 1n which the belt and the straps (e.g., shoul-
der straps) are connected prior to being applied to the subject.
In this variation, the back of the device (particularly the
region near the belt) may include one or more flexible or
non-tlexible stays 1101 of any appropriate size or length (e.g.,
the stays may be as long go up the garment to the upper
thoracic area, or longer) within or attached to the device to
provide increased support to the device. The back strap region
may also be adjustable (not shown), and the front straps may
be adjustable as well, allowing the device to be custom-fit to
different body shapes and sizes. For example, the front straps
may be cut and the ends attached to a connector (e.g., clip) for
attachment to the front of the belt.

FIG. 11B shows an alternative variation, in which a com-
pression strap 1115 (which may be removable) may be
attached to the back of the belt, providing additional support
to the wearer. Compression strap 1115 may be elastic and
may be sewn to the side of the belt. The outward-facing side
of the compression strap may also be configured to allow
connection of a weight (e.g., having a Velcro-type receiving
surface). FIG. 11B also includes four flexible stays that may
be sewn 1nto the belt.

FIG. 12 A shows another variation of an adjustable balance
evaluation system, 1in which stiffening or support members
1201 are included along the straps forming the device, and
may also be present along the belt 1204. These support mem-
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bers 1201 may be stiffening members, and may be formed of
any appropriate material. In some variations the stiffening
members are wire or other material secured to the strap(s)
and/or belt. In some variations the stiffeming material may
provide an attachment site for the weights or weight packets.
FIG. 12B illustrates one variation in which the stiffening

member 1201 forms a track for the weight to be secured to
(stmilar to the embodiment shown in FIGS. 10A-10D). In
some variations the weight or weight packet 1s threaded over
the track-like member on the garment.

FIGS. 13 A-25 illustrate various embodiments of garments
configured as adjustable balance evaluation systems or
devices. In many of these variations the adjustable balance
evaluation system 1s incorporated or integrated with a gar-
ment such as a jacket, shirt, pant, skirt, or the like. The
adjustable balance evaluation system may be adapted for
long-term use by securing the weight 1n position more per-
manently after 1t has been positioned, or 1t may remain adjust-
able. In some vanations the garment includes a shell or other
portion that connects (either permanently or removably) to
the adjustable balance evaluation system, including adjust-
able balance evaluation systems such as those described
above (e.g., FIG. TA-TE).

For example, F1G. 13 A shows an adjustable balance evalu-
ation system configured as a bra, including a sports bra. In this
example, the adjustable balance evaluation system may
include a fused elastic stretch material that has an internal
maternal for securing a weight, such as a Velcro-type material,
a tacky surface, adjacent pockets, or the like. FIG. 13 A shows
the front of the athletic or sports bra. The mid-region of the
garment includes a central zipper 1301, and adjacent to this
region an attachment region 1303,1303' to which one or more
welghts may be attached. The back of the device 1s shown in
FIG. 13B. The back (like the front) 1in this example, includes
panels 1305, 1305' of Velcro recervable matenal fused to an
clastic material allowing the placement of a weight across the
back region 1n a non-predetermined manner. The garment
may also be marked to uniquely indicate where a weight has
been placed.

FIGS. 14A and 14B 1illustrate another variation of an
adjustable balance evaluation system configured as a vest,
similar to FIGS. 2A-2B and 5B. In FIGS. 14A and 14B, the
vest includes attachment regions 1401, 1401' to which one or
more weights may be attached. As mentioned above, these
regions may include one or more markings indicating where
on the garment (relative to the body) the weight 1s attached.

Any of the vanations described herein may also include
additional elements, including cooling or heating elements.
As mentioned, the weight may be configured to provide loca-
tion-specific therapeutic benefit. In some variations the gar-
ment may also include one or more additional elements to
provide benefit, including therapeutic benefit. FIG. 15 shows
a vest-like adjustable balance evaluation system 1n which the
system includes a cooling feature for cooling the user. In this
example, the device includes one or more strips of coolant
matenal (“coolstrips™) 1501 along regions of the device.
These coolant regions may comprise crystals that can be
secured to the garment using the same attachment mechanism
used by the weights. For example, the additional element (in
this example the cooling strips) may be secured to the gar-
ment by a Velcro-type attachment such as that used by the
weights. The cooling strips may be a pre-cooled (e.g., frozen)
material that 1s applied after removing 1t from a freezer or the
like. In some variations the cooling strips of material may be
secured by other fasteners, including zippers, buttons, etc.
The cooling strips may be applied in predetermined locations
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(e.g., along the periphery, around the neck, etc.), or may be
applied 1n any desired location using a Velcro-type fastener,
as just mentioned.

FIG. 15 shows a variation of an adjustable balance evalu-
ation system configured as a jacket. In this example, the jacket
includes an mner adjustable balance evaluation system (e.g.,
straps and belt) such as those shown 1n FIGS. 7TA-TE, as well
as an outer shell that covers the straps, belt and any weights.
The shell may include a liner. The shell may be secured to the
straps and/or belt. FIG. 17 illustrates an example of an adjust-
able balance evaluation system in which the system 1s con-
figured as a yoga shirt which may fit over or under the straps
and belt region of the adjustable balance evaluation system to
which the weights may be attached.

In some variations the adjustable balance evaluation sys-
tems may be configured for use 1n a hospital or healthcare
(e.g., chronic health care) setting. For example, FIGS. 18A
and 18B illustrate a hospital-style shirt to which one or more
weights may be attached. In addition, the garment may
include one or more regions configured to help a third party
(e.g., nurse, technician, therapist, caregiver) to hold the
wearer securely. For example, in FIG. 18B, the adjustable
balance evaluation system 1s shown to mnclude a belt region
adapted to allow a caregiver to more easily grasp and support
the subject wearing the device. Stmilarly, FIG. 20 1s an adjust-
able balance evaluation system including a ring that may be
used to hold onto the patient. The majority of the rest of the
device includes an outer surface of Velcro-like material for
securing a weight as described above. FIG. 19 illustrates
another variation of an adjustable balance evaluation system
including a sling portion.

FIG. 21 shows another variation of a garment including an
adjustable balance evaluation system. In this example, the
garment 1ncludes a pants region and a belt. The belt 1s con-
figured so that one or more weights may be positioned on 1t.
The pants may also be configured so that one or more weights
may be placed or positioned on 1t, and secured 1n position.
Although most of the variations described herein are adjust-
able balance evaluation systems for use with a subject’s torso,
these systems may be used with other body regions as well,
including the legs, feet, arms and head. FIGS. 28A-32,
described below, illustrate this point.

FIGS. 22-25 show additional variations of garments
including adjustable balance evaluation systems. For
example, FIG. 22 shows a skirt or costume including a belt
configured to hold (and to show the position of) one or more
weights. FIG. 23 shows a leotard including a pair of straps to
which one or more weights may be attached. FIG. 24 illus-
trates a cape having attachment sites (e.g., near or on the
shoulders). FIG. 25 1llustrates a pair of underwear (e.g., pant-
1ies) having a waistband/belt configured to secure one or more
weilghts.

Any of the garment variations described herein may be
configured as a customized non-adjustable orthotics as
described. Once the correct position and/or weight of the one
or more weights has been determined, the garment may have
an appropriate weight sewn or otherwise permanently
attached 1n the correct position.

Weighted collars may also be used as part of an adjustable
balance evaluation system (or a non-adjustable orthotic).
FIG. 26 A 1llustrates a collar configured to attach thin (e.g., 18
inch weighted thermoplastic elastomeric gel) weights that
can be placed 1n or upon the collar 1n non-predetermined
positions to impart proprioceptive and sensory input to the
subject wearing the device. FIGS. 26B-26D illustrate differ-
ent variations of weights or weight packets (FIG. 26(C) that
may be used. Any appropriate fastener may be used. The
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collar may also be an orthotic that molds around a patient’s
neck and may extend from the patient’s chin to the patient’s
clavicle.

FIG. 27 illustrates another variation of a weightable belt
that may be used. In this variation, the belt 1s formed of a
washable fabric that 1s marked as described above. The
weight may be movably positioned along the belt. For
example, the belt may include a magnetic material, to which
the weight (which may also be a magnetic material) may be

secured.

FIGS. 28A-29 illustrate adjustable balance evaluation sys-
tems to be worn on the subject’s head. For example, FIG. 28A
shows a head cap device (garment) to which strips of tacky
tabric (in which light, thin weights can be aflixed) along one
or more surfaces cover the head either on the 1nside or outside
of the garment. Utilizing the method for determining the
improvement 1n center of gravity control described herein,
one may simply observe a subject’s head over their shoulder
position or head on trunk control to help determine weighting.
Based on static and dynamic control, weight may be placed
strategically 1n a non-predetermined location(s) within or
upon the flexible cap, headband, or crown encircling all or
part of the skull. One variation includes a cap with indicators
(e.g., markings). The device or garment could also be made to
look like a baseball cap, bonnet, sun hat, hat with a visor. FIG.
28B 1s an example of a weight that could be attached 1n or
upon the skull cap shown 1n FIG. 28 A by any means already
described above. FI1G. 29 illustrates one variation of a cranial
remolding orthosis for deformational plagiocephaly (DP).
Conditions that limit infants” mobility, such as 1solated torti-
collis, hypotonia, and cervical spine anomalies, are also asso-
ciated with DP. In this vaniation, a weight may be applied via
means already discussed within or upon the device or gar-
ment. Devices or garments adapted for use on the subject’s
head (such as those shown 1n FIG. 29) may include one or
more surfaces for attachment of one or more weights. For
example, the outer surface 1201 of the headgear may be a
Velcro-like attachment material. Specialized ventilated head-
wear, helmets, or the like (e.g., helmets that provide addi-
tional protection around the ears and nape of the neck) may be
adapted for use as adjustable balance evaluation systems and/
or non-adjustable orthotics. Devices or garments adapted for
use on a subject’s head also include, or can consist essentially
of, a weighted barrette or a headband to which thin weights or
other stimuli described herein can be attached.

In general, the devices and systems described herein may
help promote or convey balance. Thus, these devices may be
configured as sportswear (e.g., the yoga, golf, etc., outfits), or
other variations, include those shown in FIGS. 30-32. For
example, FIG. 30 illustrates a bracelet/cuil to be worn on a
subject’s arm. This bracelet, brace or cuii may be used to hold
different amounts of weights that can be secured via a screw,
ring, magnet, wire (e.g., sliding them onto the device like an
abacus), Velcro, or the like. In some variations the weight may
be crimped on to the device. Attachment of weight may help
to 1mpart increased weight at a certain spot on the arm to
change control of movement/center of gravity control of the
arm for tremor control. Thus, 1n some variations the device
may be secured to the body so that 1t doesn’t dramatically
change the position of the weight relative to the body. For
example, the bracelet may be held to the arm 1n a particular
orientation using an elastic material.

FI1G. 31 illustrates a shoe orthotic to which strips of weight
can be applied to the foot or ankle to shift control of the
person’s foot and guide 1t medially or laterally. Weight could
be mtroduced through the inside of the heel or at the laces.
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Similarly, FIG. 32 illustrates a pair of glasses to which
small sliding weights may be placed along the frame of the
glasses to provide a means to change the COG of the head,
and/or to 1mprove vision or equilibrium. As suggested
already, the weights can be asymmetrical about the head.

This disclosure also includes methods for improving a
subject’s vision. In these methods, a subject’s vision 1s 1n1-
tially evaluated. This evaluation could be done by a health
care provider. After the 1nitial evaluation, a person’s vestibu-
lar or ocular system 1s stimulated by one or more stimuli or
devices described herein. In some instances, the subject’s
vestibular or ocular system 1s stimulated by attaching one or
more repositionable stimuli, such as weights, to a garment
being worn by the subject, or to eyeglasses, such as those
shown 1n FIG. 32. If, when compared to the 1nitial evaluation
ol the subject’s vision, the subject’s vision does not show
improvement, the one or more stimul1 and/or devices applied
to the subject’s vestibular system can be adjusted or added to.
These steps of comparing and adjusting or adding to the one
or more stimuli or devices are repeated until the subject’s
vision shows improvement when compared to the initial
evaluation. In some instances, the improvement 1 vision
occurs while the subject 1s bemng stimulated. In other
instances, the improvement 1n vision can occur or persist after
the stimuli or device 1s no longer stimulating the subject.

The devices and systems described herein may also be
configured as an orthotic to be worn on a subject’s leg or
configured as a prosthetic leg or limb. As with the above-
described devices, weights can be attached to the orthotic or
prosthesis by a screw, ring, magnet, wire (e.g., sliding them
onto the device like an abacus), hook and loop fastener (e.g.,
Velcro) or the like. In some variations the weight may be
crimped on to the orthotic or prosthesis. In other varniations,
the orthotic or prosthesis may be formed to be weighted in one
or more positions (1.€., the orthotic or prosthesis includes the
weilght). Attachment of weight may help to impart increased
weilght at a certain spot on the leg to change control of move-
ment or center of gravity for tremor control. By promoting or
conveying balance, the orthotic or prosthesis can improve a
subject’s ability to walk, stand, or run.

FIGS. 34-38 show a garment, such as a vest, with a rela-
tively rigid back support. The materials, use of weights, and
the methods for providing the weights on or to the garment, all
as described above, can be used.

FIG. 35 illustrates the 1nside of a garment that can provide
additional back support. The garment can be adjustable to it
patients of different sizes. The garment can be of unitary
design or be made of multiple components. FIG. 35 illustrates
a garment made ol multiple components. Side components
3502 and 3504 illustrate components that attach to a back
component 3506. Side components 3502 and 3504 can attach
to back component 3506 by hook and loop material (e.g.,
Velcro), buttons, zippers, or other ways of connecting gar-
ment components as described herein. Locations 3512, 3522,
3514, and 3524 illustrate where Velcro-type hook material
can be located on side components 3502 and 3504 to connect
side components 3502 and 3504 to back component 3506.
Buttons, button holes, or zippers can also be used. Compo-
nents 3502, 3504, and 3506 can be mostly or entirely covered
with unbroken loop material that 1s receptive to Velcro-type
hook matenial for placement of one or more stimulus.

FIG. 36 illustrates the outside of the garment of FIG. 35.
Back component 3606 (which 1s the outside of back compo-
nent 3506 in FIG. 35) can include unbroken loop material on
the outside at locations 3608, 3616, 3610, and 3618, so that
side components 3502 and 3504 (side components 3602 and
3604 1n FIG. 36 1llustrate the outside of side components
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3502 and 3504) can attach to back component 3606 via the
Velcro-type hook matenial at locations 3512, 3522, 3514, and
3524. As mentioned above, other methods, including, but not
limited to, buttons and zippers, can also be used. Back com-
ponent 3606 can also include some Velcro-type hook material
at, for example, locations 3620 and 3622 that will connect to
the unbroken loop material on 3502 and 3504. Side compo-
nents 3602 and 3604 can be connected to each other via
zippers 3612 and 3614.

Referring also again to FIG. 35, back component 3506
includes a relatively rigid insert that supports the wearer’s
back. Pocket 3516 1s designed to receive and hold the insert.
The msert may be sown into pocket 3516, or pocket 3516 can
be designed so that the 1nsert 1s removable, thereby allowing,
different i1nserts of different shapes, different materials, or
different weights to be inserted. The insert can have a variety
of shapes designed to support the back. For example, the
insert may have shapes such as those shown by insert 3726 1n
FIG. 37 or insert 3402 1n FIG. 34. As indicated 1n the figures,
the 1insert can have a wider portion at the bottom and narrower
at the top. The shape can be considered generally triangular,
or generally pentagonal (like a home plate), but with rounded
corners, and 1f desired, some contour to one or more of the
sides. The 1nsert can be relatively rigid, 1.e., more rigid than
the garment material, but have sufficient flexibility to contour
to the wearer’s back. The insert can be made of materials that
range 1n degree of flexibility from tlexible enough to contour
to a wearer’s back to being a stiff, relatively inflexible cus-
tomized mold formed to fit an individual’s back. The insert
may be made of any material suitable for providing back
support, including, but not limited to, acrylics, high density
polyethylene (HDPE), low density polyethylene (LDPE),
polycarbonates, thermoplastic polymers, foams, etc.

Pocket 3516 has opemings 3520 and 3518 on each side.
These openings are also shown as openings 3804 and 3806 on
FIG. 38. FIG. 38 1llustrates another view of the inside of the
garment where side components 3820 and 3822 are con-
nected to back component 3824. Arm openings 3816 and
3818 are for the wearer’s arms. Belt 3802 1s fed through one
of openings 3804 and 3806 and then around the outside of the
insert (shown in dashed lines) contained 1n pocket 3810 and
out the other opening. FIG. 37 illustrates the belt 1n further
detail. Belt 3702 includes back 3704 that goes around the
isert 1n the pocket. Back 3704 can be made of a vented,
clastic matenal or a relatively 1nelastic material, and can be
made of the same material as the rest of the belt. Back 3704
can be the same size as sides of belt 3706 and 3708 or can be
larger, as illustrated 1n FIG. 37. Sides of belt 3706 and 3708
can be made of an elastic or 1nelastic material and can have
unbroken loop material on the outside. The belt may be placed
inside a garment and sides 3706 and 3708 can be pulled
through slots 3806 and 3804 1n the garment.

Ends 3710 and 3712 of belt 3702 include Velcro-type hook
material on the imside at, for example, positions 3714 and
3716. Sides 3706 and 3708 of the belt can be connected to a
front panel 3718 that contains msert 3720 by, for example,
threading ends of belt 3710 and 3712 through loops 3722 and
3724 on front panel 3818. Insert 3720 can be sown 1nto front
panel 3718 or front panel 3718 can have a resealable pocket so
that insert 3720 can be removable. Insert 3720 may be made
ol any material suitable for providing back support, includ-
ing, but not limited to, acrylics, high density polyethylene
(HDPE), low density polyethylene (LDPE), polycarbonates,
thermoplastic polymers, foams, etc. Once ends of belt 3710
and 3712 are fed through loops 3722 and 3724, Velcro-type
hook material at locations 3714 and 3716 can be connected to
unbroken loop material on the outside of sides 3706 and 3708
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of the belt. When the belt 1s wrapped around a subject and the
ends of belt 3710 and 3712 are fed through loops 3722 and
3724, the connection of the Velcro-type hook material at 3714
and 3716 to unbroken loop material on the outside of sides of
belt 3706 and 3708 secures the belt 1n place.

The ngid or relatively rigid back support can be used with
other types ol garments, such as those shown above, e.g., a
belt without an upper portion with arm openings.

One or more stimulus can be attached to the unbroken loop
material on the inside of the garment by Velcro-type hook
material or any other method of attaching stimulus herein
described. The stimulus can be of any type described herein.
The stimulus can also be placed on the outside of the garment.
The garment can, but need not, imnclude a position reference
system for marking the position of one or more stimulus, such
as that shown 1n U.S. Pat. No. 7,156,792, which 1s 1incorpo-
rated herein by reference for all purposes.

Another aspect of this disclosure 1s directed to devices for
stimulating a subject’s vestibular system. Devices for stimu-
lating a subject’s vestibular system can include any of the
devices described herein, including multiple devices 1n com-
bination.

Also included 1n this disclosure are methods for improving
a subject’s vestibular system. In these methods, a subject’s
vestibular system 1s mitially evaluated. Generally, this evalu-
ation can be done by a health care provider. Next, the subject’s
vestibular system 1s stimulated by one or more stimuli or
devices described herein. In some instances, the subject’s
vestibular system 1s stimulated by attaching one or more
repositionable stimuli to a garment, orthotic, or device being
worn by the subject. The garment, orthotic, or device may be
any of the garments, orthotics, or devices described 1n this
disclosure. Then, the subject’s vestibular system 1s evaluated
again. If, when compared to the 1nitial evaluation of the ves-
tibular system, the subject’s vestibular system does not show
improvement, the one or more stimuli and/or devices applied
to the subject’s vestibular system can be adjusted or added to.
These steps of comparing and adjusting or adding to the one
or more stimuli or devices are repeated until the subject’s
vestibular system shows improvement when compared to the
initial evaluation. In some instances, the improvement in the
vestibular system occurs while the subject 1s being stimu-
lated. In other instances, the improvement in the vestibular
system can persist or occur after the stimuli or device 1s no
longer stimulating the subject.

In addition to methods described above for improving a
subject’s vestibular system and vision, this disclosure also
includes similar methods for improving speech (including,
but not limited to, clarity, vocal ataxia, projection, and tim-
ing), cognition (including, but not limited to, time spent on a
task, attention span, reading, spelling, and math), propriocep-
tion, walking, running, standing, trunk control, spinal
reflexes, coordination of upper and lower trunk, upper
extremity control, finger tapping, handwriting, lower extrem-
ity control, general coordination, sea sickness, latency of
response from perturbation from the ground up or the trunk
down, swallowing, and kyphosis. In some instances, the
improvement occurs while the subject 1s being stimulated. In
other instances, the improvement occurs after the stimuli or
device 1s no longer stimulating the subject.

Any of the devices, systems and methods described herein
may be used 1n humans, and also 1n non-humans, particularly
non-human vertebrates. For example, FIGS. 33 A-33B illus-
trate variations ol an adjustable balance evaluation system
that may be used for a dog. FIG. 33 A shows a dog wearing
strap 3301 and Velcro device 3303 to which one or more
welghts may be attached. An alternative variation 1s shown in




US RE46,009 E

29

FIG. 33B. FIGS. 33C and 33D illustrate weight 3305 and
weight packet 3307 that may be used with the varniations
shown 1 FIGS. 33A and 33B.

Although 1llustrative varniations of the present invention
have been described above, it will be evident to one skilled in
the art that various changes and modifications may be made
without departing from the invention. For instance, variations
of the present invention may include weighted devices on the
lower extremities or any other area of the body. In addition,
the present invention may include the use of the procedures
described herein for therapy, repeating the procedures as
often as necessary, as the amount or placement of the weights
may change over time. It 1s intended 1n the following claims
to cover all such changes and modifications falling within the
true scope and spirit of the invention.

What 1s claimed 1s:

1. An apparatus for stimulating a patient’s sensory system,
comprising;

a garment made of a flexible and wearable material, and
configured to be worn on the patient’s torso and com-
prising an 1nner and an outer surface, the garment
capable of receiving one or more stimuli over a plurality
of immediately adjacent and continuous positions;

one or more repositionable stimuli capable of sensorially
stimulating the patient and configured to attach to the
garment; and

at least one removable nsert 1n an 1nsert pocket within the
garment for supporting the patient’s back, the insert
comprising a shape to physically support the patient’s
back and being relatively rigid compared to the garment
material.

2. The apparatus of claim 1, further comprising belt.

3. The apparatus of claim 2, wherein the belt further com-
prises means for coupling to a front panel for accommodating,
a removable insert.

4. The apparatus of claim 2, wherein the belt wraps around
the insert in the garment, wherein the belt 1s removably
threaded through a pair of openings defined on either side of
the 1nsert pocket.

5. The apparatus of claim 1, wherein the apparatus 1s com-
prised of at least two side components and a back component
removably coupled together at a plurality of immediately
adjacent and continuous positions.

6. A method of improving a subject’s vision, comprising;:

(a) evaluating the subject’s vision;

(b) stimulating the subject’s ocular system by attaching
one or more repositionable stimuli to a device worn by
the subject;

(¢) reevaluating the subject’s vision;

(d) comparing the subject’s vision 1n (¢) to the subject’s
vision in (a); and

(e) repeating (b)-(d) until the subject’s vision shows
improvement after the comparison i (d).

7. The method of claim 6, wherein the device 1s a garment.

8. The method of claim 7, wherein the garment 1s cap,
headband, barrette, or hat.

9. The method of claim 7, wherein the garment 1s config-
ured to fit the subject’s torso.

10. The method of claim 6, wherein the device 1s a pair of
cyeglasses or an eyeglass frame.

11. A method of improving a subject’s vestibular system,
comprising;

(a) evaluating the subject’s vestibular system:;

(b) stimulating the subject’s vestibular system by attaching
one or more repositionable stimuli to a device worn by
the subject;

(¢) reevaluating the subject’s vestibular system;
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(d) comparing the subject’s vestibular system 1n (¢) to the
subject’s vestibular system 1n (a); and

(¢) repeating (b)-(d) until the subject’s vestibular system
shows improvement after the comparison 1n (d).

12. The method of claim 11, wherein the device 1s a pair of

cyeglasses or an eyeglass frame.

13. The method of claim 11, wherein the device 1s a gar-
ment.

14. The method of claim 13, wherein the garment 1s con-
figured to be worn on the subject’s torso.

15. The method of claim 13, wherein the garment 1s a cap,
headband, or hat.

16. The method of claim 11, wherein the device 1s an
orthotic configured to fit the subject’s torso.

17. The method of claim 11, wherein the device 1s a pros-
thesis.

18. The method of claim 17, wherein the prosthesis 1s a
prosthetic limb.

19. The method of claim 18, wherein the prosthetic limb 1s
a prosthetic leg.

20. The method of claim 11, wherein the one or more
repositionable stimuli comprise one or more weights,
wherein the one or more weights combine to weight between
about 0.2% to about 2% of the subject’s body weight.

21. An apparatus for stimulating a patient’s sensorvy sys-
tem, comprising.

a garment made of a flexible and wearable material to be
worn by the patient, the garment capable of receiving
one or movre sources of stimuli, the stimuli originating
other than from weight, over a plurality of immediately
adjacent and continuous positions; and

one ov more repositionable sources of patient stimuli, the
stimuli oviginating other than from weight, attached to
the garment.

22. The apparatus of claim 21 where the repositionable
sources of stimuli comprise an electrical stimulation device, a
thermal device, a vibration device or a compression device or
combinations thereof.

23. The apparatus of claim 21, further comprising an
orthotic insert, wherve the garment includes means for cou-
pling to the orthotic insert.

24. The apparatus of claim 21, whervein the garment is
comprised of multiple components removably coupled
together at a plurality of immediately adjacent and continu-
ous positions.

25. The apparatus of claim 21, wherein the garment com-
prises apparel applied to the torso, a brace, corset, shoulder
pad, a body suit, a band, a blouse, an undervgarment, a girdle,
a givdle-like garment, a glove, a jacket, a cape, a vest, a
brassiere, a tee, a shirt, a jacket, a yvoga garment, a hospital
garment, a sling, pants, a waistband, a collar, a cuff, a brace-
let, a shoe, a belt, straps, a cap, a headband, a barrette, a hat,
or an adjustable balance evaluation tool.

26. An apparatus comprising.

a receiving device configured to be applied to a subject and

comprising an inner and an outer surface; and

one or movre selectively vepositionable source of corrective
stimuli, the stimuli oviginating other than from weight,
the receiving device capable of receiving one or more of
the sources of corrective stimuli to be applied to the
subject over a plurality of immediately adjacent and
continuous positions, the sources disposed on either the
inner or outer surface of the veceiving device ov both.

27. The apparatus of claim 26 where the sources of correc-
tive stimuli comprise a source of electrical stimulation, a
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source of thermal stimulation, a source of vibratory stimula-
tion or a source of compressive stimulation or combinations

thereof.

28. The apparatus of claim 26 where the receiving device
comprises a prosthesis, a prosthetic limb, a prosthetic leg, a
seating device, a wheelchair, eyewear, eyeglasses, a glasses
frame, apparel applied to the torso, a brace, corset, shoulder
pad, a body suit, a band, a blouse, an undevgarment, a girdle,
a givdle-like garment, a glove, a jacket, a cape, a vest, a
brassiere, a tee, a shirt, a jacket, a yvoga garment, a hospital
garment, a sling, pants, a waistband, a collar, a cuff, a brace-
let, a shoe, a belt, straps, a cap, a headband, a barrette, a hat,
or an adjustable balance evaluation tool.

29. The apparatus of claim 26 where the subject is a human
or nonhuman animal.

30. The apparatus of claim 26, further comprising an
orthotic insert, where the receiving device includes means for

coupling to the orthotic insert.
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31. The apparatus of claim 26, wherein the receiving device
is comprised of multiple components removably coupled
together at a plurality of immediately adjacent and continu-
ous positions.

32. An apparatus for stimulating a patient’s sensory sys-
tem, comprising.

a garment made of a flexible and wearable material, and
configured to be worn on the patient’s torso and com-
prising an inner and an outer surface, the garment
capable of receiving one or more stimuli over a plurality
of immediately adjacent and continuous positions; and

one ov movre vepositionable stimuli sources capable of sen-
sorially stimulating the patient and configured to attach
to the garment, where the stimuli sources comprise a
source of electrical stimulation, a source of thermal

stimulation, a source of vibratory stimulation or a
source of compressive stimulation or combinations

thereof.
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